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    本文首先在 Si 衬底上制备了 GeSi 量子点和 Au 纳米晶，对不同尺寸 Au 纳米
晶的电荷存储性能进行研究；优化控制氧化层 HfO2的质量，提升了 Au 纳米晶浮
栅存储器的电荷存储性能， 后制备低功耗 Au 纳米晶浮栅存储器。本论文的主
要工作和成果如下： 
1、采用阳极氧化的方法，结合超高真空环境下热退火处理，制备了高密度，小
尺寸的 Si 纳米图形衬底；基于制备的 Si 纳米图形衬底，在 500℃生长温度
下，生长出尺寸均匀，高密度的高 Ge 组分 GeSi 量子点；对图形诱导量子点
生长机理进行研究，发现存在应力诱导的自限制效应。 
2、采用金属薄膜凝结法，在 Si 衬底上制备了不同尺寸 Au 纳米晶，并对不同尺
寸 Au 纳米晶的电荷存储性能进行研究；发现：纳米晶的电荷存储性能不仅受
纳米晶密度和尺寸的影响，同时也受纳米晶间距的影响，结果显示间距 大
的 Au 纳米晶具有 大的电荷存储性能。 
3、研究了 Au 纳米晶浮栅存储器的 C-V 特性，器件表现为空穴存储，而电子不存
储。对比分析发现:这与控制氧化层 HfO2中氧空位有关；采用氧气环境下退火
HfO2，有效减少 HfO2中的氧空位后的 Au 纳米晶浮栅存储器，有效减少了氧缺
陷能级辅助的电子隧穿，提升了器件性能。 
4、制备了 Al/TaN/HfO2/Au NCs/SiO2/Si 纳米晶浮栅存储器和 Al/TaN/HfO2/Au 
NCs/HfO2/Si 纳米晶浮栅存储器。结果显示：Al/TaN/HfO2/Au NCs/SiO2/Si 纳
米晶浮栅存储器在±2V 的扫描电压下，出现 1V 的存储窗口。同时器件在编
擦电压为±2V 时，具有较快的编擦速度。器件经过 104s，电荷泄露达 35%，
此后电荷泄露停止，器件表现出良好的保持特性。Al/TaN/HfO2/Au 




































Nanocrystal floating gate non-volatile memory is one of the candidates to replace 
the traditional floating gate non-volatile memory as mainstream flash products due to 
the advantages of small unit area, high integration density, low operating voltages, 
fast write/erase speeds, low-power, and its compatilble with Si technology. Therefore 
It is important to study of Nanocrystal floating gate non-volatile memory and improve 
the performance. In this thesis, the low-power nanocrystal floating gate non-volatile 
memory were fabricated by optimizing the quality of nanocrystals and the oxide layer, 
which may be benefit for the application of nanocrystal floating gate memory. The 
GeSi quantum dots and Au nanocrystal were fabricated on Si substrate; the charge 
storage properties of Au nanocrystals with different size was studied; the performance 
of Au nanocrystal floating gate memroy was improved by optimizing the quality of 
HfO2; finally, the low- power Au nanocrystal floating gate memory were prepared. 
The main works are summarized as follows: 
1. The pre-patterned Si substrate with the high density and ultra-scaled nanotip 
was fabricated by the method of anodic oxidation and thermal annealing under 
ultra-high vacuum environment. The uniform size and high density of GeSi quantum 
with the high Ge concentration was fabricated on the pre-patterned Si substrate under 
500 ℃ growth temperature, the growth mechanism was investigated and found that 
the presence of stress-induced self-limiting effect.  
2. Au nanocrystals with different size were fabricated on Si substrate, the charge 
storage properties of Au nanocrystals with different size was studied. Results show 
that the charge storage performance are affected not only by nanocrystal size and 
density, but also nanocrystal spacing. Au nanocrystal with the maximum spacing have 
the best charge storage performance. 
3. C-V characteristics of Au nanocrystal floating gate memory were measured 
and analyzed. The results show that the main storage is holes, but the electron 
trapping is seldom; which is due to the oxygen deficiency within the HfO2 layer 















annealing HfO2 in O2 ambient. The Au nanocrystal floating gate memory with the 
annealed HfO2 shows the effective suppression of the unwanted electron tunneling 
which is supported by the oxygen vacancy related levels, and improve the charge 
storage. 
4. The stucture of Al/TaN/HfO2/Au NCs/SiO2/Si and Al/TaN/HfO2/Au 
NCs/HfO2/Si were facricated; the device of Al/TaN/HfO2/Au NCs/SiO2/Si shows 1V 
memory window at an applied sweeping voltage of ±2V, fast write/erase speeds under 
±2V operating voltage. Retention tests show an loss 35% after 104, after that stop 
leakage; shows a good retention ability. Al/TaN/HfO2/Au NCs/HfO2/Si shows 3.45V 
memory window at an applied sweeping voltage of ± 7V, fast write/erase under ± 5V 
and ± 7V operating voltage, and shows a relatively good retention ability. 
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（NVM）扮演着越来越重要的角色。自 1967 年贝尔实验室（Bell Lab)的 D. Kahng 



























































1.2  纳米晶浮栅存储器研究进展 


























































总结于表 1 [12]。 
 
表 1 各种 P/E 机制的比较 
运输机制 热载流子注入 FN 隧穿 直接隧穿 
电场 E/(MV.cm-1)  >15 10 
优点 对隧穿介质损伤很小 低电压 低电压，速度快 
缺点 注入不均匀，电压高 隧穿介质损伤大 电荷保持性能差 
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